Instruments for point-of-care (POC) coagulation monitoring for whole blood could reduce Present study is crucial in the perspectives of robustness due to direct whole blood method on QCM-D platform and its cost-effectiveness due to lowest sample (as well as reagents) volume consumption.
Introduction
Point-of-care (POC) coagulation monitoring devices for whole blood could reduce several limitations of routine coagulation tests. These devices are attaining popularity in clinical practice, especially in the cases of patients undergoing cardiac or liver surgery. They provide important information in a large variety of clinical scenarios such as massive hemorrhage, assessment of hypo-and hyper-coagulable states, therapeutic directions in pro-and anticoagulant therapies and diagnosis of a surgical bleeding. A surgical etiology of bleeding has to be considered only when viscoelastic assay results are normal.
Furthermore, accurate monitoring of anticoagulant is a considerable burden on healthcare providers 1 
.
Quartz Crystal Microbalance (QCM) has outstanding potential by employing suitable sensor thin films for pharmaceuticals 2 and clinical studies 3, 4 . It is remarkable due to its cost-effectiveness on comparing to its counterpart biosensor platforms 5 . Quartz Crystal Microbalance with Dissipation (QCM-D) is unique emerging device for POC 6 . It could monitor the whole coagulation process, starting from fibrin formation till the total coagulation point. The coagulation status in whole blood is advantageous over in plasma because whole blood coagulation allows the plasmatic coagulation system to interact with platelets and red cells. Therefore, it provides useful additional information on platelet function 7, 8 . Direct monitoring of anticoagulant in blood is preferable over in plasma to avoid the efforts for making plasma and pre-analytical contribution of different factors during plasma generation process 9, 10 .
. aPTT is the most commonly used coagulation assay but its results suffer high variability among different individuals and it lacks precision and accuracy. Additionally, it is inapplicable to drugs such as low molecular weight heparin and direct factor Xa inhibitors.
The PiCT does not correlate with aPTT 13 20 and in Kasabach-Merritt syndrome.
Present study is important because PiCT assay involves two steps.
In the first step, the whole blood is mixed with PiCT reagent and mixture is incubated for three minutes. In the second step, PiCT Furthermore, it gives a proof of principle for whole blood basedPiCT assay on QCM-D platform for anticoagulant monitoring. This is substantial for ultra-refining of POC settings for laboratory method too.
Materials and Methods

Reagents and chemicals
PiCT reagents (PiCT activator and PiCT starter (25 mM CaCl2)) i.e. 
Equipment and instruments
QCM-D (qCell T, 3T Analytik, Germany). QCM transducer having 10
MHz frequency is a piezoelectric AT-cut-quartz coated with two gold 
Sensor thin films
QCM electrodes were cleaned with N-methyl pyrrolidone and subsequently by acetone. After cleaning, 15 μl of polymer was spin coated at 6000 rpm for 100 seconds onto QCM-electrode. QCM-D (qCell T) was employed to check the layer height (a 10 nm) of thin film on each QCM. QCMs having sensor thin films were kept under UV for 2.5 hours for complete hardening of thin films. Afterwards, QCMs were subjected to PiCT measurements, or stored in desiccator prior to PiCT measurements on QCM-D.
Human blood samples
Whole blood samples from healthy donors were donation from the university hospital of Tuebingen, Germany. These fresh blood samples from healthy donors were taken in syringes having 1.0 ml of 0.106 mol l -1 citrate.
PiCT QCM-D measurements
QCMs were mounted on QCM-D and were calibrated at 37 °C to achieve stable baseline. Blood samples were induced with 0.00, 0.25, 0.50, 0.75 and 1.00 IU/mL doses of danaparoid. 5 µl of PiCT 
PiCT mechanical coagulometer 'Gold Standard' Measurements
PiCT whole blood measurements were carried out on mechanical coagulometer in parallel to QCM-D's at the same time by using 50 µl sample volumes, with same incubation times and mixing ratios.
Scanning electron microscopy (SEM)
QCM electrodes having sensor thin films were visualized via SEM.
QCMs were critical point dried (CPD), sputtered with gold palladium and were visualized by using SEM.
Results and Discussions
QCM-D are unique ultra-sensitive 23 devices towards mass, viscosity or density of wetting liquids and they provide sensor-responses in the form of frequency and dissipation shifts 24, 25 . A standing mechanical shear wave within the quartz transducer is produced on applying alternating voltage to the electrodes of QCM. This half wavelength is equal to the thickness of the quartz. That is why QCM is also termed as Thickness Shear Mode Transducer.
Surface morphology of thin film
SEM image of polymer thin film on QCM transducer reflected flat surface morphology. SEM image of sensor thin on QCM depicted in figure 1A , while QCM without thin film shown in figure 1B . Surface morphology of polymer thin film on the QCM demonstrated slight roughness as compared to QCM without thin film. Surface morphology is suited for present studies (Figure 1 ).
PiCT-QCM-D exemplary curves
The QCMs thin films were subjected to whole blood PiCT 
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